An experiment was carried out to determine the e¡ect of substituting maize bran with chicken manure on the production of Tilapia rendalli semi-intensive pond culture. The experiment was carried out at Bunda College of Agriculture's ¢sh farm, University of Malawi, where twelve 20 m 2 concrete ponds of 1m depth were used for 3 months from October 2005 to January 2006. A thin layer of soil was spread at the bottom of all ponds to allow growth of natural food. Each pond was stocked with 3 ¢sh m À 2 of 10.71g average weight. Chicken manure was used as the organic manure applied at 1.6 kg 20 m À 2 and substituted for maize bran by 25%.
Introduction
Pond culture is the most commonly used production system among small-scale farmers in developing countries. Compounded diets are unavailable and the farmers often use manures (animal excreta or compost) or inorganic fertilizers with inexpensive feed materials, e.g. maize bran (Wohlfarth & Hulata 1987; Edwards 1990; Knud-Hansen 1998) . Diets in aquaculture are mostly based on conventional feedstu¡s such as ¢sh oils and ¢shmeal (Goddard 1996) , but these are expensive for the poor ¢sh farmer. Attention is now being focused to the wiser use of the resources available on the farm. One major resource is the waste from agriculture of both animal and vegetable origins, either directly from the farm or as a by-product of processing plants.
There is an integrated ¢sh farming system, which makes use of these wastes and by-products. Their use as ¢shpond inputs to enhance ¢sh production is often the most e⁄cient and versatile way to utilize them (Cowx 1982; ICLARM & GTZ 1991) . This system has proved to be particularly successful where resources are limited and maximum use needs to be made of wastes and other low-value agricultural products. Excretory wastes are also used as pond inputs to stimulate natural ¢sh food or as supplementary feed. Semi-intensive pond systems seek to maximize the use of food production by using inorganic fertilizers, organic composts or manures and this are usually operated by small-scale farmers (Cowx 1982; Delince 1992; De Silva 1993) .
The use of the wastes is a more suitable mechanism for the farmer to increase the productivity of the pond at minimal cost than the intensive feeding of ¢sh. Wastes from poultry tend to have the highest concentrations of nitrogen (N), phosphorus (P) and potassium (K) compared with other sources of organic animal manures (Cowx 1982; Kang'ombe, Brown & Halfyard 2006) . The broiler/egg-laying chicken manure is commonly used because of the concentrated nutrient content. The semi-intensive production of tilapia in ponds using fertilizers and supplementary feed is a means to produce low-cost ¢sh, which contributes to national food security in many developing countries including Malawi. Maize bran, which is the commonly used feed ingredient used by the smallholder farmers in Malawi, is sometimes scarce because there is greater competition between ¢sh and other livestock as well as human beings during times of food shortages. This experiment was therefore carried out to evaluate the e¡ect of substituting maize bran with chicken manure on the production of Tilapia rendalli in a semi-intensive concrete pond culture.
Materials and methods

Pond preparation
The experiment was carried out at Bunda College of Agriculture (BCA)'s ¢sh farm using twelve 20 m 2 concrete ponds (5 Â 4 m) of 1.1m depth. These were prepared by laying soil (clay loam) of about 10 cm at the bottom to act as a substrate for the growth of natural food such as phytoplankton and zooplankton. It was conducted from November 2005 to January 2006. The experiment had four treatments with three replicates. The treatments were as follows: Treatment1, maize bran only;Treatment 2,3/4 maize bran11/4 chicken manure; Treatment 3, 3/4 chicken manure11/4 maize bran; and Treatment 4, chicken manure only on a wet basis. The treatments were assigned to ponds in a completely randomized design (CRD).
Fish stocking and sampling
Each concrete pond was stocked with juveniles of T. rendalli of mixed sex with an initial average weight of 10.71 AE 0.12 g and an average total length of 87.1 AE 1.5 mm each. The juveniles were obtained from Bunda College ¢sh farm's breeding ponds. These were stocked at a density of 3 ¢sh m À 2 to make sure that uniform growth pattern was achieved and to limit intraspeci¢c ¢ghting of ¢sh and competition over food (Likongwe 1983) . This density was chosen in order not to limit any food availability in the ponds. This was based on previous studies in similar systems where fertilization and feeding are performed to replenish the available food and sustain the growth of ¢sh for a certain culture period (Chikafumbwa et al. 1993) . The ¢sh were kept in a tank for 1 week as an acclimation period to make sure they were in good condition before stocking. A sample of 15 ¢sh (25% of stocked ¢sh/pond) were weighed (g) and measured (total length in mm) using an electric balance and a measuring board with a ¢xed ruler on it respectively. Repeated sampling was performed every 2 weeks using a seine net. The ¢sh were anaesthetized using benzocaine solution (2 mL10 L À 1 ) for easy handling. Fish were always returned to the ponds after each sampling.
Pond fertilization and feeding
The chicken manure was bought from Central Poultry Company based in Lilongwe city and the maize bran from the local mills around BCA. The manure was collected and transported to the ¢sh farm while dry and kept in a dry tank in a shade. The ponds were fertilized with chicken manure 2 weeks before ¢sh stocking. This was to make sure there was enough growth of natural food and other organisms. The manure and feed application rates were on weight basis where the substitution of maize bran by chicken manure was by weight (Bocek 2002) . Application of chicken manure was performed once a week by broadcasting on top of the water at a rate of 1.6 kg 20 m À 2 . The rate of maize bran was based on the amount of manure applied by reducing the maize bran to increase the chicken manure. The maize bran was in the form of milled powder that was made into dough when feeding the ¢sh. They were fed to satiation twice a day at 09:00 and 03:00 hours. The feed was not adjusted throughout the period because the substitution rate was constant and on a weight basis.
Growth, survival and feed utilization
The growth, survival and feed utilization were calculated according to Stickney (1994) as follows: speci¢c growth rate (% day
À1
) 5 (log e ¢nal mean weight (g) À log e initial mean weight (g))/time Â 100; total weight gain 5 total ¢nal weight (g) À total initial weight (g); survival rate (%) 5 (initial number of ¢sh-number of dead ¢sh)/initial number of ¢sh Â 100; feed conversion ratios (FCR) 5 dry weight of feed (g)/ weight gain (g); and feed conversion e⁄ciencies (FCE) 5 weight gain (g)/feed consumption (g) Â 100.
Water quality monitoring
The water quality data were collected as temperature, pH, dissolved oxygen and turbidity. The instruments used were a thermometer, a multi-probe water checker (U-10 model, Horiba, Japan), the Winkler method and a Secchi disc. These were determined every day at 09:00 and 03:00 hours, except for turbidity, which was measured once a week. Temperature, pH, dissolved oxygen and turbidity were measured because of the need to maintain high levels of water quality required to sustain rapid growth of healthy condition of cultured stock (Pillay 1994) .
Statistical analysis
Analysis of the data was performed at a 5% probability level using one-way analysis of variance (ANOVA). When signi¢cant di¡erences were found among treatments, Duncan's multiple range test (DMRT) was used to test di¡erences between treatment means. The analysis was performed using Statistical Package for Social Scientist (SPSS11.0 Windows) (SPSS 1999) .
Results
Growth of ¢sh
The ¢sh showed signi¢cant (Po0.05) di¡erences in the growth beginning from the sixth week ( Fig. 1a  and b) . The initial weight of the ¢sh did not di¡er signi¢cantly (P40.05) among treatments. Fish weights in the 3/4 maize bran11/4 chicken manure treatment were signi¢cantly (Po0.05) higher than in the 1/4 maize bran13/4 chicken manure, chicken manure and maize bran treatments, which did not di¡er signi¢cantly (Po0.05) from each other in the second sampling (Table 1) . Fish weights in the maize bran and chicken manure were signi¢cantly (Po0.05) lower than in the other treatments. The ¢sh in ponds with 3/4 maize bran11/4 chicken manure and 1/4 maize bran13/4 chicken manure grew faster and di¡ered signi¢cantly (Po0.05) from the rest of the treatments throughout the experimental period.
The ¢sh grew from an average weight of10.7^25.3 g in the 3/4 maize bran11/4 chicken manure, 21.6 g in the 1/4 maize bran13/4 chicken manure, 19.7 g in maize bran and 19.30 g in chicken manure treatments. The growth curves also indicated that the ¢sh increased signi¢cantly (Po0.05) more in both weight and length in the 3/4 maize bran11/4 chicken manure treatment after 6 weeks in the experiment (Fig.1a  and b) .
The total weight gain of ¢sh di¡ered signi¢cantly (Po0.05) among treatments. Fish in the 3/4 maize bran11/4 chicken manure treatment showed signi¢-cantly (Po0.05) higher weight gain (14.34 g), followed by those ¢sh given 1/4 maize bran13/4 chicken manure (10.85 g), maize bran only (9.05 g) and chicken manure only (8.62 g). But maize bran and chicken manure did not di¡er signi¢cantly (Po0.05) from each other ( Table 1) .
Survival of ¢sh and feed utilization
Survival rates ranged from 80% in the 3/4 maize bran11/4 chicken manure treatment to 96% in chicken manure only (Table 1) . Fish-fed maize bran had a signi¢cantly (Po0.05) higher FCR (29.9) than the 3/4 maize bran11/4 chicken manure (14.2) and the 1/4 maize bran13/4 chicken manure (6.2).
Water quality parameters
Water quality parameters during the experimental period were within the required levels for the growth of T. rendalli in ponds. The mean pH ranged from 7.21 in maize bran treatment to 7.56 in the chicken manure treatment. The mean dissolved oxygen ranged from 16.19 mg L À1 in maize bran to 18.59 mg L À1 in the 1/4 maize bran13/4 chicken manure treatment. The minimum temperatures ranged from 20.0 1C in maize bran treatment to 22.5 1C in the 3/4 maize bran11/4 chicken manure treatment, with the 1/4 maize bran13/4 chicken manure treatment having the maximum temperatures of 38.6 1C ( Table 2) . The mean Secchi disc ranged from 26.57 cm in the 1/4 maize bran13/4 chicken manure treatment to 31.53 cm in the 3/4 maize bran11/4 chicken manure treatment ( Table 2 ). The Secchi disc visibilities were signi¢cantly (Po0.05) higher in maize bran and in the 3/4 maize bran11/4 chicken manure treatments but did not di¡er signi¢cantly (Po0.05) between the 1/4 maize bran13/4 chicken manure and chicken manure treatments. Ammonia ranged from 0.16 mg L À 1 in the maize bran treatment to 0.21mg L À 1 in the 1/4 maize bran13/4 chicken manure treatment. The di¡erences in the physicochemical parameters of water between manured treatments and those substituted with chicken manure were not signi¢cantly (P40.05) di¡erent.
Discussion
The growth of T. rendalli revealed that the weight gain and speci¢c growth rate were signi¢cantly higher in the 3/4 maize bran11/4 chicken manure treatment, followed by 1/4 maize bran13/4 chicken manure treatment. Higher growth of the ¢sh in the manured and fed ponds may be due to the higher availability of natural food in these treatments (Shroeder 1983; Wohlfarth & Hulata 1987) . It is well known that tilapia in general feed on the undigested fraction of the manures directly, which is of low nutrient value but the micro-organisms adhering to them are of high protein value (Shroeder 1983 ). The biological productivity of any aquatic body is judged by the primary production, which forms the natural food of ¢sh. Animal wastes like chicken manure lead to increased biological productivity of ponds through various pathways, which results in an increase in ¢sh production (Nwachukwu 1997; Brummett 2000) . The speci¢c growth rate for T. rendalli was 0.83% day À1 in chicken manure and 1.18% day À1 in the 3/4 maize bran11/4 chicken manure treatment in this experiment. These results are within the range of those reported from similar systems where the growth rate was 0.77% day À1 in earthen ponds that were fertilized with chicken manure (Chikafumbwa et al. 1993; Kang'ombe 2004) , although the application rates were slightly di¡erent. The results on primary production quanti¢cation also revealed that small particles of manure that are ¢ne allow faster colonization by bacteria, algae, protozoans and quicker decomposition to enable the availability of food to the ¢sh (Chikafumbwa, 1997) . In this study, the survival rates were above 90% in ponds with chicken manure only, which was also consistent with the ¢ndings of Kang'ombe (2004) . Tilapia rendalli is a good candidate for aquaculture because it feeds low in the food chain and enrichment of water with fertilizers/manure increases plankton growth that in turn increases ¢sh production. Msiska and Costa-Pierce (1999) indicated that the success of this culture is based on the understanding of existing food habitats in the ¢shponds and the extent to which these can be utilized for ¢sh production. Limiting factors such as nutrients, light and space can be manipulated for optimum ¢sh food production (Msiska & Costa-Pierce 1999) . Manure may become increasingly important because of increasing energy and chemical fertilizer costs and biologically it remains a feasible means of increasing ¢sh yields. In this experiment, the application rates were deliberately designed to cover a wide range due to the varying rates worldwide (Msiska & CostaPierce 1999; Garg & Bhatnagar 2000) . wCalculated based on maize bran only. FCE, feed conversion e⁄ciencies; FCR, feed conversion ratios. The FCR and FCE calculated based on maize bran were a¡ected by treatments and were higher than expected in similar systems (Kang'ombe 2004) . This is because the feed was not adjusted during the experimental period and might have been wasted as feed. However, it might have played a huge role as manure because the natural feed produced by the manure together with the maize bran improved the growth of ¢sh in the treatment.
The water quality parameters play a signi¢cant role in the biology and physiology of ¢sh including tilapia, which should be kept within range for their good performance (Boyd & Tucker 1998; Martinez-Palacios, Tova, Taylor, Duran & Ross 2002) . Throughout the experiment, the water quality in all treatments remained within the favourable range required for tilapia (Boyd 1990; Pillay 1993) . The water pH, dissolved oxygen, turbidity, temperature and ammonia did not di¡er signi¢cantly between treatments. This suggests that chicken manure even at di¡erent doses did not have any adverse e¡ect on the physico-chemical parameters of water. Even in the treatment of chicken manure only, it did not reduce the dissolved oxygen content of water. Similarly, Dhawan and Kaur (2002) reported that manures at a higher dosage did not have an adverse e¡ect on the physico-chemical parameters in their pig dung experiment and showed higher growth rates of di¡er-ent ¢sh species in ponds that were fertilized. However, there were low dissolved oxygen levels in the morning during this study. This phenomenon is common in fertilized ponds as there are low levels of dissolved oxygen early in the morning (Kang'ombe et al. 2006) . This may be due to the high biological and chemical oxygen demand at night, which depletes the dissolved oxygen. The dissolved oxygen levels improve to levels that are above 2 mg L À1 as the sun rises and increase further towards mid morning. There were also elevated levels of maximum temperatures in the 1/4 maize bran13/4 chicken manure treatment despite the experimental ponds being situated in the same place. This is not strange during this period of the year (November^January) in Malawi when the temperatures are normally high (Internet Africa 1997). However, the mean temperatures were not signi¢cantly di¡erent among treatments. The ammonia content of water in the current experiment did not di¡er signi¢cantly between di¡erent treatments. However, the ammonia (NH 3 1 ) levels were higher in the 3/4 maize bran11/4 chicken manure treatment (0.21mg L
À1
) than in maize bran only. This may be attributed to the combination of maize bran and chicken manure and because chicken manure contains higher phosphorus levels.
In conclusion, the results obtained in this experiment were based on a concrete pond culture environment. As a result, the rate of application of organic manure used may not be ideal and a similar experiment may be carried out in earthen ponds. Chicken manure contains phosphorus and nitrogen, which are the most limiting nutrients for the growth of algae. Above all, the substitution of poultry manures for maize bran is not only feasible but also cost e¡ective and needs to be encouraged to utilize cheaper resources as maize bran may be scarce in other times of the year in Malawi. The study reveals that chicken manure can be utilized well when combined with a supplemental feed and when the manures are applied at recommended rates the water quality is not a¡ected.
